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Abstract
We give a subjective view of recent trends and challenges at the forefront of high-energy theoretical research
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Revenge of QFT
The ICHEP-2014 conference was largely dominated
by reports of experimental work at high-energy accel-
erators, low-energy detectors and various astrophysical
and cosmological observations. Such is the healthy state
of aﬀairs in the present era. On the theory front, the sit-
uation is much more quiet, as the Standard Models of
particle physics and cosmology ﬁrmly hold their ground
amid the ﬂood of new data.
In the short to medium term, the grand theoretical
question of whether ‘naturalness’ applies at the elec-
troweak scale will come under further experimental
scrutiny. The resolution of this dilema will shape the
future of high energy physics: on one extreme we have
the prospect of ﬁnding new physics around the Higgs-
corner; on the other extreme we may face a desert with
a ﬁne-tuned Higgs sector. In between these two limiting
options, there may be grey areas.
In any case, the discovery of a weakly coupled Higgs
particle brings us into a new theoretical scenario: for
the ﬁrst time in the history of particle physics we have a
theoretical framework which can be extrapolated to ex-
ponentially high energies (the vicinity of the GUT scale)
with no theoretical inconsistencies. This theory has two
dimensionfull parameters with ‘unnatural’ values when
compared to hypothetical uniﬁcation or quantum grav-
ity scales, namely the cosmological constant and the
Higgs mass parameter. The ﬁrst one appears to be gen-
uinely tuned, since we have passed its energy threshold,
the millimeter scale, without encountering any dynami-
cal explanation of its value. The second one will remain
at the center of experimental scrutiny for the foreseeable
future, but the wealth of accumulated data in the ﬂavour
sector does suggest a minimal standard model, at least
for a few energy decades, implying a correspondingly
tuned Higgs sector.
Reconciling the excellent job of the Standard Model
(SM) in the ﬂavour sector with the naturalness hypothe-
sis has been the main source of ideas in the so-called
Beyond-Standard-Model building (BSM). Looking at
this question from the top-down perspective, we face
a paradoxical situation. The traditional style of spec-
ulation in high-energy theory has been the search for
the ever higher symmetry, string theory representing the
culmination of that endeavour. String theory is formally
like massless QCD, a completely algorithmic theory in
which every possible scale and coupling should be cal-
culable as an expectation value in a vacuum. The prob-
lem is that, rather than a unique vacuum, there seems
to exist exponential numbers of metastable states which
are cosmologically viable [1]. So, we may be trapped in
one of a multiverse of inﬂating bubbles, making many
of the SM parameters contingent to the particular bub-
ble we are in, ultimately to be regarded as historical ac-
cidents. It is unclear how we could test the microscopic
theory in such a situation, beyond the discovery of qual-
itative “by laws” of string theory, such as low-energy
supersymmetry. Unfortunately, there are no compelling
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top-down arguments that would constrain the precise
mass scale of supersymmetry breaking, so that a sce-
nario with a tuned Higgs and an even more tuned cos-
mological constant is a priori possible within the string
landscape.
When discussing the landscape of string theory in
general terms, we should remember that most details re-
main uncertain, since the treatment of metastable vacua
in string theory is notoriously diﬃcult. The status of
the simplest constructions such as [2], is under intense
debate as we write, (cf. for example [3] and references
therein). Even the broad notion of a ‘landscape’ and the
picture of eternally inﬂating bubbles has been severely
criticised [4].
This situation reveals to what extent we are still
clutching at straws in trying to answer the question
“what is string theory”? To be more precise, our de-
gree of ignorance seems to increase with the value of the
vacuum energy. Indeed, supersymmetric string theory
does provide a honest perturbative deﬁnition of many S-
matrices with super-Poincare´ covariance and containing
gravity. These S-matrices can be interpreted as comput-
ing scattering in a large variety of compactiﬁcations of
eleven-dimensional supergravity with vanishing cosmo-
logical constant in the non-compact dimensions. Diﬀer-
ent perturbative deﬁnitions of the S-matrix are linked to-
gether by the web of non-perturbative dualities, leading
credence to the idea that there exists an independently
deﬁned theory with various semiclassical or perturba-
tive limits, the so-called ‘M-theory’ [5].
When we proceed further to negative cosmologi-
cal constant, we encounter the most satisfactory situ-
ation, since a theory of strings propagating in Anti-de
Sitter space-time may be exactly deﬁned in terms of
a dual Conformal Field Theory (CFT), the celebrated
AdS/CFT correspondence [6]. This is the most explicit
example of the ‘holographic principle’ [7], which has
emerged from the deep questions posed by the quantum
theory of black holes [8] and is widely accepted as an
essential ingredient in the quest for a theory of quantum
gravity.
Almost two decades on, AdS/CFT has dominated re-
search in string theory to the extent that 80 per cent of
the talks at the annual strings conference could be clas-
siﬁed within this theoretical domain. The reason for
this is clear: it is the closest we have come to an ex-
actly solvable model, something like the Ising model
of holography. This is not to be taken literally, since
the required conformal ﬁeld theories are far from ex-
actly solvable, but at least it removes the mystery from
the Planck scale: all the quantum states of particles,
strings and black holes living inside an AdS space-time
are identiﬁed with states of a supersymmetric version of
QCD living on a box without dynamical gravity. The
Planck scale appears as a result of a UV/IR connection
between the size of the box and the number of degrees
of freedom in the CFT.
Hence, three decades after the so-called ‘string revo-
lution’ of the 80’s, we have discovered that, in the one
case where an exact deﬁnition of the theory is possi-
ble, the answer turns out to be a Quantum Field Theory!
Strings appear as ‘composite’ objects made of quarks
and gluons, just like in the original incarnation of string
theory as a theory of hadrons. The revolutionary new
notion is that space-time itself is also composed of the
quark-gluon states living in an auxiliary space, vaguely
associated to the boundary of the world. We have se-
lected the title “Revenge of QFT” to signify this dra-
matic turn of events.
When confronted against the SM mysteries quoted
at the beginning of this article, it is plain that a long
road remains ahead in applying these ideas to the real
world. Most emphatically, there is some compelling ev-
idence that an asymptotic de Sitter space-time describes
our cosmological future, but the generalisation of holog-
raphy beyond asymptotically AdS spaces remains at a
rather primitive level, strongly indicating that new ideas
are needed.
Even within the safe domain of AdS as a mathemati-
cal model of quantum gravity, it is found that the emer-
gence of locality deep inside AdS is mapped into prop-
erties of the CFT which involve very non-local observ-
ables probing the full complexity of the Hilbert space,
something which requires new intuitions, beyond the
standard arsenal developed over 80 years of work in
QFT. Some of these new intuitions involve ideas im-
ported from the theory of quantum information theory
and the theory of condensed matter systems, such as the
role of quantum entanglement in generating the connec-
tivity of space-time [9].
In very general terms, fundamental theory is con-
fronted with the analysis, elucidation and generalisa-
tion of the notion of holography. AdS/CFT simply of-
fers the simplest and more controlled environment to
make progress, because it maps the answers into com-
plicated questions of otherwise standard QFTs, and this
in turn explains the renaissance we are witnessing in
the theoretical exploration of QFT. This renewed inter-
est includes the analysis of CFTs in various dimensions,
the calculation of geometric entanglement entropy using
various techniques and a new look at the perturbative S-
matrix of gauge theories.
The development of on-shell methods in the calcu-
lation of scattering amplitudes has crystallised into a
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thriving research ﬁeld with connections extending from
collider physics to the theory of integrable models and
even pure mathematics (cf. [10] for a review and ref-
erences). It can also be viewed as a prime represen-
tative of the general trend of holography: eviscerating
the notion of ‘locality’ as a fundamental one. In some
sense, it represents the ﬁrst step in formulating a holo-
graphic theory of ﬂat space-time, since the S-matrix is
precisely the natural ‘holographic’ observable present in
any QFT. The on-shell formalism can be seen as a de-
parture from Feynman diagram techniques, still staying
within the realm of perturbation theory. Since Feyn-
man diagrams embody the compromise between unitar-
ity and locality in QFT, one can view the on-shell for-
malism as toy model of holography for zero cosmolog-
ical constant. Partial results motivated by this philoso-
phy are already available [11].
We have started this text with the central paradox of
the Standard Model of particle physics, namely the pos-
sibility that the QFT of the world contains ﬁne-tuned
relevant operators. It is hard to decide on the importance
of this issue without a full theory of quantum gravity,
since all high energy scales which deﬁne the hierarchy
are often argued to lie near the Planck scale. Pondering
the development of string theory as our standard theory
of quantum gravity, we have been confronted with deep
questions involving the quantum theory of space-time.
In trying to grapple with these problems we have come
back to QFT in an unexpected circle of ideas involving
the emergence of space-time itself. Nobody knows if
the problem of the cosmological constant and the pos-
sible problem of the Higgs mass will end up hinting at
some deep mystery involving the nature of space-time.
In the mean-time, good old QFT has proven to be our
best theoretical laboratory, large enough to surprise us
time and again, deep enough to challenge our most ad-
vanced methods.
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